Background and Purpose: Management of carotid stenosis remains controversial despite several trials evaluating carotid endarterectomy (CEA) and carotid angioplasty/stenting (CAS). We compared attitudes in the management of carotid stenosis between selected experts within Europe and North America. Methods: A 3-phase Delphi survey was e-mailed to select stroke experts from Europe (n ¼ 390) and North America (n ¼ 289). Those completing the initial survey were shown all responses after each survey round. Consensus was defined as ≥ 80% agreement. Results: For phases 1, 2, and 3, response rates were 32%, 62%, and 73%, respectively. Overall, 100 (15%) of 679 participated in all 3 phases, 19% Europeans versus 9% North Americans (P ¼ .0007). The European group reached consensus in 6 of 15 statements; The North American group reached consensus in 4 of 15. Ninety percentage of Europeans versus 70% of North Americans (P ¼ .017) stated CEA is superior to CAS for symptomatic carotid stenosis. This difference was not significant in the final model (adjusted odds ratio: 3.72 [95% confidence interval: 0.95-14.5]). Sixty-nine percentage of North Americans agreed there is a stronger indication for CAS over CEA in patients younger than 65 years for symptomatic carotid stenosis, whereas 55% of Europeans (P ¼ .023) disagreed. For asymptomatic carotid stenosis, when asked how likely they would recommend CAS, 62% North Americans said "sometimes" versus 60% of Europeans said "never" (P ¼ .06). Conclusion: The majority of North American and European respondents did not consider the 2 procedures equivalent and seemed to indicate that CEA was preferred for the management of carotid stenosis. These findings need to be further explored to help establish evidence-based guidelines.
Introduction
Extracranial internal carotid artery atherosclerosis accounts for approximately 20% of ischemic strokes. 1 As a potentially preventable cause of stroke, its detection and management are critical. Several European and North American randomized clinical trials [2] [3] [4] [5] [6] [7] [8] [9] have compared carotid angioplasty and stenting (CAS) as an alternative to carotid endarterectomy (CEA) for both symptomatic and asymptomatic carotid stenosis, though their results and interpretation varied. [10] [11] Several available trial results are viewed controversially by leading experts, and there is an ongoing international discussion. [12] [13] [14] [15] [16] Many contributing factors make consensus elusive 17 ; these include:
Differences in clinical trial methodologies in countries
where the trials were conducted may have led to different results and interpretation. 2. Several international societies and associations [18] [19] [20] [21] [22] [23] [24] have published guidelines for the management of patients with carotid stenosis. Although these recommendations are based on the same randomized trials, differences in interpretation of available knowledge have often led to different, potentially conflicting recommendations. 3. Multiple medical specialists (eg, primary care physicians, interventional radiologists, cardiologists, neurologists, vascular surgeons, and neurosurgeons) are involved in treating patients with carotid stenosis, each with their own understanding and interpretation of the trials and approach with their inherent beliefs and biases on the participant.
Differences in the interpretation of clinical trial results and guidelines for the management of carotid stenosis in clinical practice have been documented in earlier survey studies. [25] [26] [27] A better understanding of differences in carotid stenosis management between European and North American physicians may help to identify areas where a lack of consensus exists and may ultimately inform the development of future clinical trials.
The objective of this study was to provide an informative and comparative view of the clinical practice attitudes of North American and European physicians involved in the care of patients with carotid stenosis.
Materials and Methods

Development of the Survey Instrument
A structured survey questionnaire was developed to prompt the panelists to rate and rank a series of carotid stenosis management propositions. The survey was designed based on key factors in the management of carotid stenosis that emerged from the main carotid stenosis clinical trials. The survey was developed through multiple iterations of a group of both European and North American stroke experts, including principal investigators of the major carotid stenosis clinical trials. The survey consisted of demographic questions followed by 18 questions addressing specific practice management. We used a 5-choice Likert-type scale 28 for the first 15 questions and a ranking scale (1 ¼ most important factor affecting treatment decision up to 5 ¼ least important factor affecting treatment decision) for the last 3 questions. We specifically tailored the survey tool to be completed in approximately 10 minutes in order to enhance response rate.
This study was ruled exempt by the institutional review board at SUNY Downstate Medical Center and a waiver of informed consent was granted (IRB#11-106).
Survey Population
With the aim to target a cohort representative of experts from North America and Europe directly involved in the management of patients with stroke, we e-mailed all members (n ¼ 390) of the European Stroke Organisation (http://www.esostroke.org/) in the year 2011 for whom an e-mail was provided and North American vascular neurologists (n ¼ 289) independently identified at the University of Texas at Houston Stroke Program for previous research purposes. 29 The list included identified academic stroke physicians at university hospitals across the United States. E-mails were collected from websites of university hospitals, directors of academic stroke programs, colleagues in the stroke field, and neurologists in charge of specific geographic consortia of stroke physicians. 29 The initial e-mail contained an introductory statement explaining the research purpose and the methods of the study, and that the surveys were to be conducted anonymously. Only basic demographic information was requested. There was no financial incentive offered. A weblink allowed participants to opt out of the study and to prevent any further correspondence related to the project from the study team.
Delphi Procedure
We implemented the Delphi method, 30 which is an anonymous, iterative tool to collect expert opinions via a series of responses and analysis techniques that include a feedback mechanism. Based on previous studies, 31, 32 we chose to survey experts over 3 rounds to acquire consensus for each group.
At each round, the questionnaire was administered to the panelists by e-mail using a web-based survey tool, SurveyMonkey (https://www.surveymonkey.com/). As per the Delphi method, 30 results of phase 1 were analyzed and tabulated into summary charts, graphically represented, and incorporated in phase 2 to inform respondents and to develop consensus. The same procedure was applied in phase 3.
Statistics and Data Analysis
Descriptive analysis was conducted after each survey iteration. Panelists were provided with the median score, interquartile range of the group, and their own rating for each question from the previous questionnaire when completing phase 2 and phase 3. Fleiss k coefficients were used to quantify agreement between panelists. General and group-specific consensuses were defined a priori to be !80% agreement in the response choice. w 2 was used to determine differences between groups; P was set at < .05 for significance.
Logistic regression modeling was used to assess differences between regions in terms of responses whose association with region was significant at the .05 level in Table 1 , controlling for age-group, main specialty and whether the respondent was affiliated with a teaching hospital. The Hosmer-Lemeshow test of goodness-of-fit data to model was applied. Adjusted odds ratios (AORs) with 95% confidence intervals (CIs) are reported. Data analyses were performed with SPSS (version 20.0; IBM, Armonk, New York) and SAS 9.3 (SAS Institute, Cary, North Carolina) software. Table 2 . There were differences in age, main specialty, and a trend for differences in the type of hospital practice setting. These differences/trends were included in the final logistic regression model. The main results (overall and by region) of the phase 3 survey are reported in detail in Tables 1 and 3 .
Results
Response Rate Across All Phases
Consensus
In the final round, general consensus was achieved in 4 (22%) of 18 statements. Europeans reached consensus in 4 (22%) of 18 statements , whereas North Americans reached consensus in 2 (11%) of 18 . Achievement of general and group-specific consensuses is indicated in dark gray and in light gray respectively, in Tables 1 and 3 The majority of respondents (90% of North Americans vs all Europeans) agreed that "there is a stronger indication for CEA in patients older than 65 years old with symptomatic carotid stenosis compared to CAS." General and both groups-specific consensuses were reached in all 3 phases.
The majority of both groups agreed "in general, the outcome of ischemic stroke is of greater concern compared to MI in the treatment of symptomatic carotid stenosis." General consensus was reached in phase 2 and maintained in phase 3.
When asked how likely they would be to recommend CEA for asymptomatic carotid stenosis, the vast majority of both groups selected "sometimes." Conversely, when asked how likely they would be to recommend CAS for asymptomatic carotid stenosis, most of the North Americans said "sometimes" while most of the European respondents said "never."
The level of experience of the operator was rated as "the most important" or at least "a very important variable" by the vast majority of respondents from both groups in the decision to refer a patient for CAS and for CEA, respectively. General and both groups-specific consensuses were reached in all 3 phases.
"CT angiography" was selected as the imaging technique most often used to grade the stenosis by more than half of the North Americans, whereas "carotid ultrasound" was the preferred imaging technique for more than half of the Europeans (w 2 ¼ 13.17, df ¼ 3, P ¼ .004). The difference between groups remained significant in the final model (AOR: 0.21 [95% CI: 0.07-0.66]). Table 3 details the variables affecting treatment decision for symptomatic carotid stenosis. "Vessel morphology (ie, level of bifurcation and tortuosity)," "patient willingness," and "age" were ranked by both groups as "the most important" variables affecting treatment decision for symptomatic carotid stenosis.
Discussion
The majority of both European and North American groups did not consider the 2 treatments for symptomatic carotid stenosis to be equivalent and indicated that CEA was indeed preferred. This would suggest a need to further study the topic with scrupulous trials in the modern era to help establish evidence-based guidelines. 33 Although in the univariate analysis, the disagreement about equivalence of CEA and CAS was significantly greater in the European group, the difference did not persist in the final model. However, we found different clinical practice attitudes toward the management of both symptomatic and asymptomatic carotid stenosis management between the 2 groups. Specifically, North Americans were more likely than Europeans to suggest CAS for patients older than 65 years. Europeans were more likely to never recommend CAS for asymptomatic carotid stenosis compared to North Americans. This supports the controversy over perceived benefits of CAS for asymptomatic carotid stenosis. Europeans were twice as likely to obtain consensus across the survey compared to the North Americans suggesting greater variability in the latter views and clinical decisions.
In general, European respondents demonstrated a consistently stronger negative attitude toward CAS compared to North Americans. Although North Americans seemed to consider CEA superior to CAS in general, Europeans seemed to consider CEA superior to CAS only for 2 specific end points: "only stroke within 30 days of treatment" and "stroke and death within 30 days of treatment." These differences may be based, in part, on weighing the relative importance of the various/combined end points in a given trial. Most stroke experts may consider stroke a more important end point for a carotid disease intervention trial than MI. Long-term followup data from the Carotid Revascularization Endarterectomy versus Stenting Trial (CREST), 34 the Endarterectomy Versus Angioplasty in Patients with Symptomatic Severe Carotid Stenosis trial, 35 and the International Carotid Stenting Study trial 36 have shown that beyond the procedural period both procedures are equivalent in terms of prevention of ipsilateral strokes and risk of severe restenosis. These results were not published at the time of our survey. General and group-specific (Europeans/North Americans) consensuses were defined a priori to be ≥ 80% agreement in the response choice; achievement of general and group-specific (Europeans and North Americans) consensus for each statement/question is indicated in dark gray and in light gray, respectively.
There are clear differences in the diagnostic imaging approach to carotid stenosis with less expensive, less invasive carotid ultrasound techniques preferred over magnetic resonance imaging angiography and computed tomography angiography by the European group. Specific reasons for this carotid imaging preference were beyond the scope of this study and were not explored.
A stepwise diagnostic evaluation would usually entail an initial carotid ultrasound for screening purposes followed by more complex and expensive imaging techniques to confirm and better characterize stenosis and vessel anatomy and to guide the more appropriate treatment strategy. The lack of consensus between groups in the initial imaging modality may need further country-specific cost-effective analyses comparing different imaging techniques to guide clinicians to a more efficient use of available resources.
Although the degree of stenosis is a major determinant of benefit from revascularization therapies, there are other clinical characteristics that influence the risks and benefits of surgery. Subgroup analyses of pooled data from the large randomized clinical trials showed the greatest benefit from CEA in men, patients aged 75 years and older, and patients randomized within 2 weeks after their last ischemic event. 37, 38 In our survey, "age" was ranked as the most important treatment decision variable between CEA and CAS for the majority of North American and European groups over "gender," "concomitant cardiac disease," "concomitant diabetes," and "time between symptoms and treatment." The age Â treatment arm interaction from CREST 9 may have influenced this ranking. However, there was no general (80%) consensus or country-specific consensus for any of these variables including age. Further studies could determine factors influencing decision-making. Validated, multifactorial risk stratification strategies integrating multiple high-risk features (imaging and clinical features) in a manner that is relatively simple to implement and generalizable across a wide range of practice settings are needed.
The overwhelming majority of respondents from both groups would recommend CEA "sometimes" for asymptomatic carotid stenosis; however, only North Americans would also recommend CAS "sometimes." This finding is in contrast with the current evidence of treatment strategies for asymptomatic carotid disease. In fact, in the case of asymptomatic carotid disease while trials until now have suggested some benefit from CEA in selected patients with a high risk of stroke, there is no conclusive evidence-based indication of CAS. 39 The CREST-2 trial 40 in North America and similarly the European Carotid Surgery Trial 2 41 in Europe are ongoing multicenter, randomized-controlled trials evaluating the benefit of carotid revascularization against intensive medical management that includes antiplatelet drugs, antihypertensive agents and statins, targeted blood pressure treatment, and behavioral/lifestyle modification. Prior to these trials, carotid revascularization has never been compared to optimal, modern era medical therapy-a major reason, we believe, for the need for further trials and likely, based on the results, revised guidelines. The vast majority (greater than 70%) of both North American and European panelists thought that vessel morphology, risk of nerve injury and groin hematoma, patient willingness, cost of treatment, age, concomitant cardiac disease, level of carotid bifurcation, vessel tortuosity, and time from symptoms and treatment would influence their decision of CEA versus CAS. If these factors affect the treatment decision, all or some combination of these factors may lead both groups of respondents to recommend CAS over CEA, even in some asymptomatic patients. These factors could also potentially explain group differences in approach to applying the trial results to their patients. As we did not specifically ask how each of these factors affected their treatment decision for asymptomatic carotid stenosis, we cannot draw further conclusions (see also limitations section).
Limitations
Several limitations of this study must be acknowledged. The overall response rate was low. Specifically, only 15% of the surveyed population participated in all 3 Delphi phases. This low response rate increases the risk of nonresponse bias. Low response rate likely results in a selection bias and affects internal validity.
Our sample may not be entirely reflective of the population of physicians involved in the management of asymptomatic or symptomatic carotid stenosis or both. Respondents consisted mainly of selected neurologists and vascular neurologists; however, physicians from other specialties may be involved in managing carotid stenosis (ie, vascular surgeons, This survey was conducted in 2011 and so may not be a reflection of current practice. In the last few years, long-term follow-up data from several randomized clinical trials evaluating CAS versus CEA have been published. [34] [35] [36] [42] [43] Different meta-analyses [44] [45] [46] of these and prior trials found CEA to be superior to CAS for short-and long-term outcomes. Particularly, CEA was associated with a higher risk of periprocedural myocardial infarction while the risk of long-term overall stroke was significantly higher with CAS and was mostly attributed to periprocedural minor stroke. These data suggest that CEA should be offered as the first choice for both symptomatic and asymptomatic carotid stenosis at present. However, given improvements in effective medical therapy for the prevention of atherosclerotic cardiovascular and cerebrovascular disease, in particular lipid-lowering medications along with lifestyle and diet interventions, there is renewed uncertainty as to whether carotid interventions still provide meaningful net reductions in stroke risk in patients with carotid stenosis. The ongoing CREST-2 clinical trial will be addressing this specific issue. 40 In our survey, there were significant differences in the respondents' age (under 45 vs older than 45 years) and their self-identified main specialty. Europeans were significantly younger and more frequently self-identified as neurologists. In our final model, we accounted for these differences.
Other factors potentially influential in physician treatment decision-making include physician knowledge and interpretation of the trials and clinical guidelines and their implementation in their particular practice, personal experiences with the effectiveness and safety/adverse events from the procedures, values and beliefs, and individual patient characteristics (ie, age, gender, comorbidities). Biases, beliefs, systems, and uncertainty have been shown to affect acute stroke decisionmaking. 47, 48 Therefore, physician decision-making is complex, certainly multifactorial, and deserves to be further studied. In the absence of randomized clinical trial evidence, decision-making still depends upon knowledge of physiology and experimental medicine, interpreted in light of clinician's experiences and values.
On the other hand, this study, despite its limitations, and others 47, 48 have found that evidence from randomized clinical trials does not eliminate the interpretive aspect of physician decision-making. Although randomized clinical trials provide population-based evidence they are not necessarily tailored to the unique scenario and outcome of individual patients. 47, 48 In the light of these considerations, risk-benefit assessment for carotid revascularization while guided by best medical evidence (multiple randomized clinical trials and meta-analyses) should be discussed with individual patients and should be based on the inherent individual patient's variables (demographics, comorbidities individual vessel's, and plaque's characteristics), and local hospital procedural risk.
In summary, our study suggested that the majority of North American and European respondents did not consider CEA and CAS equivalent. Our data seemed to indicate that CEA was a preferred option for the management of carotid stenosis disease. Our study further suggested that differences in attitudes in carotid stenosis management between countries indeed exist. Several factors likely affect these differences (ie, different medical systems, different cultures, different interpretations of available medical evidence, demographics, and vessel/stenosis characteristics, and biases); however, they were not explored in our survey.
